Objectives: To describe the relationship between the extent of primary aortic repair and the incidence of reoperations after surgery for type A aortic dissection. [n ¼ 832]). Freedom from reoperation was estimated with cumulative incidence survival and Fine-Gray competing risk regression model was used to identify independent risk factors for reoperation.
The midterm reoperation rate after acute type A aortic dissection surgery is low. The extent of proximal or distal repair did not significantly influence the cumulative incidence of reoperation.
Perspective
Nordic Consortium for Acute Type A Aortic Dissection results show a low midterm reoperation rate and satisfactory survival with no significant differences between the different extents of primary surgery. These results are from nonhigh-volume cardiothoracic centers, and may also encourage other low-to-medium volume centers to carefully weigh achievable long-term benefits against a possibly elevated initial risk with a more radical approach.
See Editorial Commentary page 949.
See Editorial page 935. Acute type A aortic dissection (ATAAD) is an aortic emergency requiring immediate surgical intervention, reflected in high in-hospital mortality that ranges from 4.2% to 28.6% in previous studies. [1] [2] [3] [4] For those who survive the initial critical period, the long-term actuarial survival up to 10 years is reported to be in the 53.4% to 65.0% range, and mainly influenced by general cardiovascular risk factors. [5] [6] [7] [8] [9] For the past 2 decades, large multinational databases have been created to evaluate different surgical approaches for ATAAD and their influence on complications and outcomes. The most extensive ones are the International Registry of Acute Aortic Dissection and The German Registry for Acute Aortic Dissection Type A. 1, 10 A more recent large, multicenter database is the Nordic Consortium for Acute Type A Aortic Dissection (NORCAAD), which consists of 8 small-to medium-sized cardiothoracic centers in University Hospitals in Sweden, Denmark, Finland, and Iceland. So far, a total of 1159 consecutive ATAAD cases from 2005 to 2014 have been included in the NORCAAD registry. 11 Most studies on ATAAD in the literature are either single center studies with small patient cohorts or larger studies with focus mainly on short-term complications and 30-day or in-hospital mortality following surgical repair. 8 However, studies on mid-and long-term outcomes, including evaluation of complications, later reoperation on the aortic valve and aorta and also morbidity, are more uncommon. According to available reports, between 8.7% and 13.5% of patients require a cardiovascular reoperation following the immediate postoperative period of a ATAAD repair. [12] [13] [14] [15] [16] These reoperations are often technically challenging with a high initial mortality and morbidity. There is scarce information on risk factors for late reoperations, which is important when these patients are being followed-up clinically. Furthermore, few previous studies have investigated whether the surgical approach at the primary operation influences the rate of late reoperations after ATAAD. In this substudy of NORCAAD, we therefore investigated proximal and distal reoperations after midterm follow-up, and evaluated the association between the extent of the primary repair and later reoperations.
MATERIALS AND METHODS Patient Population
The cohort for this study is from the NORCAAD study. The NOR-CAAD study design has been described previously. 11 The population at risk is estimated at 9,500,000 inhabitants. Consecutive patients (n ¼ 1159) who underwent surgery for ATAAD in 8 academic cardiothoracic centers between January 1, 2005, and December 31, 2014, have been included in the registry. Patient information was collected retrospectively from hospital records and mortality data gained from national population registries. Each center was responsible for its own patient data collection and for approval from its ethical committee. There were incomplete data for reoperations and/or regarding the extent of primary surgery in 28 patients, leaving 1131 cases for analysis.
Definitions
The definition of an ATAAD was a dissection involving the ascending aorta with or without involvement of the arch and descending aorta, and for which surgery was performed within 2 weeks from the first symptoms. ATAAD was divided into DeBakey type I and II; DeBakey I involved the descending aorta and in DeBakey II, the dissection ended before the innominate artery. Pseudoaneurysms were defined as aneurysms formed adjacent to sutures lines. An anastomosis between the tubular part of a vascular prosthesis and the aorta sutured under direct vision during circulatory arrest were defined as an open-distal anastomosis, and clamp-on anastomosis as an anastomosis performed with an aortic crossclamp distal to the suture line.
Primary Surgery
We defined each primary surgical procedure into 1 of the following categories: distal repair was classified as the ascending aorta only (distal anastomosis proximal to the origin of the innominate artery), hemiarch replacement (resection of the underside of the arch not requiring arch vessel reimplantation), and total arch replacement (distal anastomosis extending distal to the left subclavian artery with arch vessel reimplantation either separately or as islands). Proximal repair was classified as isolated supracoronary replacement with or without valve resuspension or surgery involving the aortic root (composite valve and conduit; that is, Bentall procedure, separate valve remodeling, or valve reimplantation like Yacoub or David procedure). For the cumulative incidence analysis we combined hemiarch and total arch replacement groups because there were few events in the latter group.
Reoperation
Any reoperation was defined as any cardiac or aortic surgery that could be related to primary ATAAD repair, excluding reoperations due to bleeding. The main indications for a reoperation in the different centers were similar during the whole study period and mainly included an aneurysm or a pseudoaneurysm formation exceeding 55 mm, >10 mm aortic diameter increase/year, endocarditis, graft infection, or severe aortic regurgitation. All decisions of reoperation were based on the individual patient's risk profile as well as local protocols and competence.
Follow-up
The protocol in all 8 centers generally consisted of a computed tomography scan of the aorta at 1 to 3 months postoperatively, then at 1 year postoperatively, and afterward yearly or more often if there were signs of complications or rapid growth of the aorta. Detailed imaging data or follow-up measurements of aortic diameters were not available.
Statistics
Basic analyses were performed with IBM SPSS Statistics version 24 (IBM-SPSS Inc, Armonk, NY). The groups were compared using the c 2 test. Cumulative incidence curves and Fine-Gray competing risk regression analyses were performed using Stata/IC15.0 for Windows (StataCorp, College Station, Tex). Type of proximal surgery (supracoronary repair or aortic valve inclusive) and type of distal surgery (distal anastomosis in ascending aorta, hemiarch, or total arch) were entered into Fine-Gray competing risk regression model and adjusted for connective tissue disease and DeBakey classification. Hazard ratios were reported with 95% confidence intervals. Cumulative incidence of reoperations was shown as curves and the groups were compared using Pepe-Mori test with death as a competing risk event.
RESULTS

General
Mean follow-up was 3.3 years (median, 2.7 years; range, 0-10 years), resulting in a total follow-up time of 3718 patient-years. The mean age of patients was 61.6 AE 12.1 years (median 63.0 years; 95% confidence interval, 60.9-62.3 years), and 757 (66.9%) were men. The baseline characteristics are shown in Table 1 .
Primary Aortic Repair
Most of the dissections continued to the descending part of the thoracic aorta (DeBakey I 73.8% vs DeBakey II 26.2%). During the primary surgical procedure, 832 (73.7%) of proximal repairs were isolated supracoronary replacements, of which 450 (53.3%) had concomitant aortic valve resuspension, 285 (25.2%) had root replacement or an aortic valve-sparing procedure, and in 12 patients (1.1%) the procedure was attempted at the very beginning. Patients who underwent aortic root surgery had significantly more connective tissue disease (9.9% vs 3.0%; P < .01) and a bicuspid aortic valve (14.8% vs 3.0%; P < .01). Open distal anastomosis was performed significantly more often in the isolated supracoronary group (75.4% vs 88.3%; P <.01) ( Table 2 ).
The majority of distal anastomoses, 791 (70.6%), were located in the ascending aorta, 247 (22.0%) underwent hemiarch repair, only 66 patients (5.9%) had total arch repair, and 17 (1.5%) had an attempted procedure. The total arch repair group more commonly had connective tissue disease (4.8% vs 2.8% vs 12.1%; P ¼ .01) and experienced a postoperative stroke following the primary repair (17.9% vs 18.4% vs 33.3%; P ¼ .01) ( Table 3) .
Reoperations
There were 26 proximal reoperations and 30 distal reoperations performed on a total of 51 patients. Five patients had reoperations on both proximal and distal aorta, 3 patients with both procedures performed simultaneously and 2 of them had reoperations on 2 separate occasions. Most of the reoperations were elective (37 out of 53; 69.8%); the others were either urgent or emergent (16 out of 53; 30.2%).
The proportion of patients who underwent proximal reoperations was comparable for patients with root replacement/valve sparing or supracoronary repair (1.8% vs 2.5%; P ¼ .65) as proximal extent of the primary surgery (Table 2) . Similarly, there was no difference in the proportion of patients who underwent distal reoperations based on (Figure 1 ).
Proximal Reoperations
Proximal reoperations consisted of valve conduit graft replacements (Bentall procedure) in 16 patients (61.5%), valve sparing root reconstructions with coronary reimplantations or remodeling (David or Yacoub procedures) in 4 patients (15.4%), isolated supracoronary repair in 3 patients (11.5%), isolated aortic valve replacement in 1 patient (3.8%), 1 repair of ruptured anastomosis (3.8%), and 1 procedure that remained uncertain (3.8%). The principal indications for proximal reoperations were severe aortic regurgitation (n ¼ 12; 46.2%) and development of root aneurysm or a proximal pseudoaneurysm (n ¼ 9; 34.6%); other indications were graft infection (n ¼ 2; 7.7%), endocarditis (n ¼ 1; 3.8%), rupture of the anastomosis (n ¼ 1; 3.8%), residual dissection in the root (n ¼ 1; 3.8%), and root dissection (n ¼ 1; 3.8%). In 7 cases, patients had an additional indication for reoperation (Table 4 ). There was no significant difference in the risk of proximal reoperation between the primary root replacement group or patients operated with a supracoronary graft technique (98.6%, 97.4%, and 97.4% vs 98.7%, 97.2%, and 93.8% at 1, 5, and 8 years, respectively; P ¼ .84).
Distal Reoperations
Most distal reoperations were thoracoabdominal aortic aneurysm repair (n ¼ 19; 63.3%), of which 4 were a thoracic endovascular aortic repair, 3 were a combination of thoracic endovascular aortic repair and open repair, and the remaining 12 were open repairs. Others were total arch replacements (n ¼ 7; 23.3%), of which 3 had concomitant frozen elephant trunk and 1 traditional elephant trunk procedure, and hemiarch repair (n ¼ 3; 10.0%). The most common indication for reoperation was thoracoabdominal aortic aneurysm (n ¼ 18; 60.0%), followed by pseudoaneurysm (n ¼ 9; 30.0%) and graft infection (n ¼ 1; 3.3%) ( Table 4) .
No statistical differences were observed between the distribution of DeBakey type I or II and the risk for late distal reoperations. Freedom from distal reoperation was 98.4%, 94.5%, and 91.5% at 1, 5, and 8 years for DeBakey type I, respectively, and 97.7%, 96.5%, and 95.2% at 1, 5, and 8 years for DeBakey II, respectively (P ¼ .57) (Figure 2 ). Freedom from distal reoperation according to the type of distal anastomosis during primary surgery at 1, 5, and 8 years was 99.2%, 97.5%, and 95.3% for ascending aorta and 99.3%, 94.8%, and 92.4% for arch involvement, respectively, with no significant differences observed between the groups (P ¼ .22) (Figure 3 ).
Survival After Reoperation
Altogether, 5 deaths (9.8%) were registered after reoperation during the follow-up period. Two patients had aortic rupture, 1 patient had fulminant sepsis, another 1 experienced a massive postoperative stroke, and the fifth patient died of postoperative multiorgan failure (Table 5) .
Risk Factors for a Reoperation
In the Fine-Gray multivariable competing risk regression model, the extent of the distal or proximal repair was not associated with the risk of a reoperation, but a history of connective tissue disease independently predicted a proximal reoperation (hazard ratio, 4.99; 95% confidence interval, 1.80-13.85; P <.01).
DISCUSSION
The main findings of this study were that the overall reoperation rate after acute type A aortic dissection was lower than in most contemporary series; mortality after reoperations was low; and connective tissue disease was independently associated with reoperation after acute type A aortic dissection repair (Video 1).
The cumulative incidence of late reoperations in the present series, 5.0% at 5 years, was lower than in previous studies that have reported an incidence in the 6% to 18% range at 5 years. 12, 15, 17 There are several possible explanations to the low reoperation rate in the present study. First of all, a consistent trend in reports from larger studies on ATAAD is the improvement of outcomes over the decades, which could infer that the infrequency of reinterventions in the NORCAAD study merely reflect contemporary results in aortic surgery and is not an aberrance. 1, 7, 10, 18 However, a direct comparison is difficult because the cohort and the definition of a reoperation might differ between studies. The decision to undertake a reoperation is highly dependent on the surgeon's individual opinion and experience, which might in part explain higher reoperation rates in larger, specialized centers. It is also not evident what the treatment delays are in different studies, which could result in different sample populations. One should also take into account that this was a midterm follow-up; therefore, it can be speculated that more reoperations may appear as follow-up continues.
We were unable to identify any significant difference in reoperation rates between different primary repair techniques. This is in line with Wang and colleagues, 19 who reported no difference in mortality or reoperation rate between primary procedure types. Many surgeons consider liberal use of more extensive surgery protective against late reoperations. Furthermore, some previous studies have suggested that an initial aggressive approach, such as total arch repair and additional elephant trunk technique reduces the risk for reoperation without increasing early mortality. 2, 11, 17, [20] [21] [22] On the other hand, other authors have advocated that extensive primary surgery during ATAAD increases patients' time under total circulatory arrest leading to a significantly increased intrahospital morbidity, such as neurologic complications, and even increased in-hospital mortality. 2, 3, 8 Consequently, the optimal extent of distal anastomosis or the role of an aggressive proximal repair during the primary surgery is not clear and a strict generalizable protocol is not easily constructed.
Although we cannot rule out possible late benefits from a more aggressive primary approach on the aorta, our results suggest that at least the differences are not dramatic and the risk incurred by late reoperations is not prohibitive, thereby justifying a less aggressive primary approach followed by watchful waiting. However, it can be speculated that techniques aimed at a larger part of the residual aorta (eg, frozen elephant trunk) could have prevented the development of thoracoabdominal aortic aneurysms and perhaps further improved survival and freedom from reintervention after ATAAD surgery.
In the present study, connective tissue disease was the only risk factor for a later proximal reoperation. Patients with connective tissue diseases were at a 5.0-times higher risk of requiring a proximal reoperation than those who do not have the disease (P < .01). The extent of the dissection (DeBakey class) was not associated with later reoperations. It could be speculated that in cases where particularly the primary tear could not be identified or resected, the extent of propagation of the dissection (DeBakey class) might predict later complications. However, the numbers of these patients in the present study preclude meaningful analyses on this subject. No other significant factors were found for proximal or distal reoperations. These results may reflect the great heterogeneity in the actual clinical presentation and morphology of dissections, which makes detailed classification difficult. The survival of patients undergoing reoperation was satisfying. This could be explained by selection bias because patients with a high comorbidity burden and consequently high mortality risk are more often denied reoperations. It is also noteworthy that the incidence of annual ATAAD operations in the NORCAAD registry has significantly increased from 85 in 2005 to 150 in 2014. 18 Therefore, most patients in the registry are from the past 3 years, which also explains the relatively short median follow-up time. A longer follow-up period would be preferable to further survey the incidence and survival of patients undergoing reoperations.
Strengths and Limitations
The strengths of our present study include the homogenous study population and health care system, and the very comprehensive follow-up data regarding reoperations and mortality. Limitations include the retrospective study design, different criteria for reoperations among institutions and surgeons, paucity of radiologic data, relatively short follow-up time, and the limited size of the study cohort. This infers a significant risk of type II errors.
CONCLUSIONS
This retrospective midterm follow-up study from 8 smallto medium-sized Nordic cardiothoracic centers showed that the risk of reoperation after ATAAD was low. Furthermore, a more extensive distal repair (arch involvement vs ascending aorta) did not abolish the need for reintervention. However, patients with connective tissue disease may need closer follow-up after ATAAD surgery and a lower threshold for a more radical primary proximal operation may be indicated. The primary extent of aortic repair during ATAAD needs to be carefully evaluated on a case-by-case basis.
Webcast
You can watch a Webcast of this AATS meeting presentation by going to: https://aats.blob.core.windows.net/ media/17AM/2017-05-02/RM311/05-02-17_Room311_1623_ Pan.mp4.
Conflicts of Interest Statement
Authors have nothing to disclose with regard to commercial support.
